The Colorimetric Estimation of Stilboestrol, Hexoestrol and their Glucuronides in Urine BY F. H. MALPRESS, Department of Biochemi8try, Queen's University, Belfa8t* (Received 9 January 1948) Any attempt to estimate the synthetic oestrogens stilboestrol (4:4'-dihydroxy-a,f-diethylstilbene) and hexoestrol or their detoxication products in urine is complicated by the presence of other phenolic substances which may give rise to interfering colours in procedures depending on colqrimetry, or lead to high blank values from control urines. The dual problem presented in such work is to retain a sufficient quantitative recovery of the oestrogen while reducing blank values to a minimum. Sahasrabudhe & Wilder Smith (1947) have largely overcome this problem in the case of dienoestrol by taking advantage of its diene structure and its reactivity with maleic anhydride. For the two more stable oestrogens, stilboestrol and hexoestrol, it appears that no satisfactory method of estimation in the presence of urine has yet been proposed, though attempts have been made to apply the Dingemanse (1940) method to this problem (Dingemanse & Tyslowitz, 1941; Bass & Salter, 1943) . The present communication describes methods of preliminary-extraction which enable estimations of these two clinically important oestrogens and of their glucuronides to be made in urine by the nitration method proposed by Malpress (1945 (C) Finely powdered Ca(OH)2 (2 g.) is added to the ethereal solution and, after dispersion through the liquid by careful rotary hand movement for a few seconds, allowed to settle. The ether is decanted and the solid washed once with 15 ml. ether, which is also decanted; these ethereal solutions are discarded. The last traces of ether are evaporated from the Ca(OH)2 by immersing the flask in warm water, the dry solid is suspended in 25 ml. water and dissolved in 7-5 ml. conc. HCI. The acid solution is extracted with 50 ml. ether.
(D) After washing twice with 25 ml. water to free it from acid and drying with anhydrous Na2SO4, the ethereal solution is evaporated to small volume and quantitatively transferred to a 50 ml. volumetric flask. It is evaporated to dryness, care being taken to remove any condensate on the neck of the flask by an air current, and the residue dissolved in 6 ml. glacial acetic acid and estimated by the nitration method (Malpress, 1945) .
Stilboe8trol and hexoestrol monoglucuronides in COW'8 urine
The saturated NaHC03 solution from (A) or, alternatively, from a second urine sample treated as in (A), is made strongly acid to Congo red by the addition of 6 ml. conc. HCI and extracted with 50 ml. ether. The ether is dried with anhydrous Na2SO4 and, after decanting and washing the solid twice with 5 ml. ether, the combined extract is treated with Ca(OH)2 as in (C) above. The ethereal solution finally resulting from this treatment is shaken twice with 25 ml. saturated NaHCO3 solution and the combined aqueous solutions acidified strongly by the addition of 20 ml. conc. HC1 (final conc. 2-2-5N). Hydrolysis is carried out by heating this acid solution under reflux for 0.5 hr.
After cooling, the solution is extracted with 50 ml. ether, and the ether extract washed with 25 ml. saturated NaHCO3 solution, then with 25 ml. water and dried with anhydrous Na2SO4. The solution is passed through an alumina column , as for the free oestrogens, and afterwards evaporated to small volume, transferred to a volumetric flask and prepared as outlined above for estimation.
Free stilboestrol and hexoestrol in human urine
The procedure is the same as that for the estimation of free oestrogens in cow's urine except that the adsorption on Ca(OH)2 is omitted. The ethereal solution obtained after passage through the alumina column is immediately concentrated, transferred to a volumetric flask and prepared for estimation.
Stilboestrol and hexoestrol monoglucuronides in human urine
The procedure follows the corresponding method for cow's urine but omits the Ca(OH)2 adsorption. The initial saturated NaHCO3 extracts are acidified with 20 ml. conc. HCI and hydrolyzed for 0-5 hr. Treatment after hydrolysis is the same as for cow's urine.
1F. H. MALPRESS E8timation
The oestrogen estimations were carried out as described in an earlier paper (Malpress, 1945) , except that the stilboestrol solutions were not heated after addition of HN03. The final solutions were invariably slightly cloudy and were filtered through sintered glass filters, porosity G4. Filter papers were unsatisfactory, adsorbing appreciable amounts of colour.
Measurements were made with a Spekker photoelectric absorptiometer using a 'spectrum violet' ifiter (Ilford 601, 430 mu.) in conjunction with heat-absorbing filters (Hilger H503). Both control and test solutions were read against water in the second cell and with the drum reading at unity.
Hydroly8i8
(a) Evidence has already been presented (Malpress, 1946) of the partial conversion of stilboestrol to the #-(ei8)-isomer when it is treated with 2-5N aqueous HCl at 1000. The change is accompanied by a loss of 27.5% of the chromogenic power in the nitration reaction. Similar losses are sustained in the hydrolysis of stilboestrol glucuronide, a crystalline sample prepared by the method of Mazur & Shorr (1942) Preparation ofglucuronide8. Stilboestrol monoglucuronide was isolated from rabbit's urine by the method of Mazur & Shorr (1942) . It has been characterized as a dihydrate (Dodgson, Garton & Williams, 1947) . Hexoestrol monoglucuronide was similarly obtained, using the ethanolether (1: 3) extraction proposed by Dedgson et al. (1947) .
The sodium salt separates readily from NaHCO3 solution but in pigmented and attempts to remove the pigment by dissolving in water and recrystallizing after the addition of one third volume of saturated NaHCO3 solution were not successful. Recrystallization of the acid from ether, however, gave a purified product (m.p. 179-181'). It is claimed that it is a trihydrate (Dr R. T. Williams, private communication) and the loss of weight on drying at 1100 has given figures in accordance with this.
RESULTS
In most cases the individual recoveries given below represent the means of at least four separate determinations. The data on human urines, however, are from duplicates, as are all the figures for hexoestrol glucuronide recoveries. All single measurements fell well within + 5% of the mean values quoted.
Estimations of the free oestrogens were carried out after the addition of appropriate amounts of a 0-1 % (w/v) solution of the oestrogen in glacial acetic acid to 50 or, more usually, 100 ml. of distilled water or urine. The glucuronides were added in faintly alkaline aqueous solution, c. 0-1-% (w/v) with respect to their oestrogen components, to the same volumes ofwater or urine. Invariably only single estimations were made on any one sample, the free and conjugated oestrogen recoveries being obtained from separate samples. Where human urine was used results were obtained from both mixed women's and mixed men's specimens, the recoveries being the same in both cases. All results are shown in Fig. 1 .
Recovery of free and conjugated 8tilboe8trol (Fig. 1 a, b) . With the process for cow's urine there is a definite increase in the percentage recovery as the original amount of stilboestrol or its glucuronide added to water is increased. Mean recoveries ranged from 66 to 79 % for the free oestrogen and from 52 to 64 % for the glucuronide (calculated on oestrogen content), as the weight added increased from 0-5 to 2-0 mg. This variability was not found in the mean recoveries from cow's urine which were approximately 70 and 60 % respectively, for all 134 I948 amounts added. The reason for this discrepancy is not clear, but since the percentage recoveries of stilboestrol from water after adsorption on Ca(OH)2 show a similar trend it is probable that it is introduced at this stage of the method, and may be ascribed to slight differences in adsorption characteristics due to the presence of other urinary constituents. Similar explanations may be tentatively adduced for the existence of like rerationships in the recoveries of stilboestrol and hexoestrol glucuronides. Recoveries from human urine are higher, and constant mean values of 80 and 63 % for the free and conjugated forms, respectively, were obtained over the range studied. The comparatively low recoveries of the glucuronide are of course largely due to the decomposition during hydrolysis, the maximum yield being only 70-75 % of the added material.
Recovery of free and conjugated hexoestrol (Fig. 1 c, d ). 70% of the free oestrogen was recovered over the whole range (0-5-2.0 mg.) from both water and cow's urine. The lack of agreement between the recoveries of hexoestrol glucuronide from water and from urine when the method involving lime adsorption is used has already been noted. From urine constant-yields of 74 %. were obtained.
Mean recoveries from human urine over the complete range were equal to 85 % for both the free and combined forms.
Blank values from control urines. The methods have been tested for recoveries of 0-5-2-0 mg. oestrogen, and it is suggested that the initial volume of urine for extraction should be chosen to ensure an estimation in this range.
In terms of the chromogenic power of the oestrogens, blank values for the free oestrogen process using cow's urine fell normally within the range 0-05-0-2 mg. oestrogen/100 ml. urine. Occasionally, however, these values were greatly exceeded, blanks of 2 mg. being obtained. Blank measurements for the corresponding conjugated-oestrogen method were, on the other hand, invariably low and again of the order 0-05-0-2 mg. oestrogen/100 ml. urine.
The values given by the simplified modification applicable to human urines have been less than 0-05 mg. oestrogen for the free process, and less than 0-15 mg. oestrogen for the conjugated form, from 100 ml. mixed urine whether from men or women. DISCUSSION A preliminary study of oestrogen excretion after the oral administration of a massive dose (5 g.) of stilboestrol to a cow has already been communicated by Malpress & Owen (1947) . During a control period satisfactorily constant blank values of 50 and 3 mg. daily were obtained for the free and conjugated extraction processes in terms of oestrogen equivalents and inereases in these values greater than 25 and 3 mg. respectively, after administering the oestrogen, could confidently be ascribed to the effects of the treatment.
Excretion studies are to be carried out on human subjects, and it is evident from the blank values to be expected-approximately 0-5 mg. for free and 1-5 mg. for combined oestrogen in a 24 hr. samplethat the sensitivity of the methods should be much greater when thus applied. It seems probable that excretions of the order of 0-5 mg. stilboestrol or hexoestrol daily, whether free or combined, should be readily detectable, and that greater amounts should be estimated with accuracy.
The very low recoveries of conjugated oestrogen reported hitherto from the urines of experimental aniimals (Stroud, 1939; Dingemanse & Tyslowitz, 1941; Bass & Salter, 1943) have undoubtedly been due to the failure to appreciate the degree of solubility of the glucuronides in organic solvents, and, more especially, the losses entailed when hydrolysis is performed on urine itself, rather than on suitably prepared extracts.
A recent report (Wilder Smith, 1947) claims on indirect evidence an excretion of amounts up to 6 % Vol. 43 135 of the oestrogens administered to human subjects as a sulphate ester. The absence of any detectable change in the excretion of ethereal sulphate after giving the synthetic oestrogens to rabbits (Dodgson et al. 1947 ) and the occurrence of only small changes of doubtful significance in the ethereal S inorganic S ratio in the cow (Malpress & Owen, 1947) suggest, however, that these substances are normally excreted either in the free form or combined as glucuronide. If this is so the methods described in this paper should be capable of yielding comprehensive data on the quantitative excretion of the oestrogens, and afford some insight into the measure of any metabolic breakdown. SUMMARY 1. Methods are described for the estimation of the synthetic oestrogens stilboestrol and hexoestrol and their glucuronides in cow's or human urine.
2. After addition to human urine 80 % or more of these substances were recovered, except with stilboestrol glucuronide where decomposition during hydrolysis reduces the figure to 63 %. Recoveries from cow's urine were slightly lower in all cases.
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